Object. The use of percutaneous suction aspiration has recently become viewed as an effective management strategy for pyogenic spondylitis unresponsive to conservative treatment. What remains unclear is whether it can be effective for severe pyogenic spondylitis in which abscess formation or marked bone destruction is present. The authors undertook a study to clarify answers to this question.
HE traditional approach to managing pyogenic spondylitis is conservative treatment. Although surgical treatment is required in certain cases, invasive surgeries are often problematic because the patient's general condition is poor, and less invasive treatment is required. In 1991, Yu, et al., 9 described two cases of spinal osteomyelitis treated using nucleotome-based percutaneous suction aspiration, which was originally designed for percutaneous disc excision; their results were good. In 1998, Nagata, et al., 7 undertook continuous drainage and intermittent local administration of antibiotic agents, in addition to percutaneous suction aspiration, in 23 patients with pyogenic spondylitis, and again good results were obtained. In their report, Nagata, et al., found this technique to be effective in patients with early-stage pyogenic spondylitis. What remains uncertain is whether this technique can be successful in treating patients with severe pyogenic spondylitis in which abscess or marked bone destruction is present. In such cases the treatment should be less invasive because the patients are in the most severe condition.
We report on five patients with severe pyogenic spondylitis unresponsive to conservative treatment. We performed continuous irrigation and percutaneous drainage because open surgery was contraindicated by the poor general health of the patients.
Clinical Material and Methods

Patient Population
Five men with pyogenic spondylitis underwent percutaneous drainage and continuous irrigation at Oita Nakamura Hospital between 2002 and 2004. Their mean age was 76 years (range 66-91 years). All patients were referred for treatment from other hospitals. Conservative treatment with bedrest and antibiotic therapy had been initially conPercutaneous drainage and continuous irrigation in patients with severe pyogenic spondylitis, abscess formation, and marked bone destruction T ducted for 5 to 19 weeks in four patients, and three open surgeries had been performed in one patient. Health status had not been improved by these treatments in any patient. The onset of pyogenic spondylitis was classified according to the criteria of Kulowski 5 as acute in three patients and insidious in two. The affected vertebral segments were L1-2 in two patients, L3-4 in two, and L4-5 in one. All patients reported back pain, and this was severe enough in four patients that they could not stand or walk. Radicular pain was present in four patients. Neurological deficits such as muscle weakness or bowel/bladder dysfunction were absent in all cases. Complications included diabetes mellitus in one patient, liver cirrhosis in one, and chronic respiratory failure due to pneumoconiosis in one. Radiographically documented bone destruction stages, clarified using the scheme of Griffiths and Jones, 3 was early stage (narrowing of disc space) in one patient and destructive stage (bone destruction, collapse of softened vertebrae, and bone proliferation) in four patients; the healing stage was observed in no patient. Destruction of the VB including its posterior aspect without kyphosis was observed in three of the four patients with destructivestage bone defects, and deformity with kyphosis was observed in the remaining patient with a destructive-stage bone defect. Magnetic resonance imaging revealed psoas muscle abscesses in three patients and epidural abscesses in three. The mean follow-up period was 23.8 months (range 20-29 months). Three patients were examined by one of the authors, whereas the other two patients (who lived too far away) and their primary physicians were contacted by telephone to acquire clinical follow-up information (Table 1) .
Surgical Technique
The patient was positioned prone on the operating table. It is necessary to obtain clear anteroposterior and lateral fluoroscopic images to perform the procedure safely. Using a K-wire as a guide, a dilator was inserted obliquely through a small skin incision after application of a local anesthetic; the dilator was directed toward the disc space to create a surgical space. A No. 14 French drainage tube was inserted through the dilator into the disc space for the inflow of the irrigation. Using the same method, another drainage tube was inserted into the same disc space from the other side for the outflow of liquid (Fig. 1) . The disc space was irrigated with normal saline. Drained tissue was sent for culturing. Postoperatively, continuous irrigation was performed with normal saline for approximately 7 days until the fluid being drained was clear. The rate of irrigation was maintained at 80 ml/hour. After continuous irrigation was discontinued, the drainage tube was left in place for dependent drainage. If the culture of the fluid sample was sterile, the drainage tube was removed several days later depending on the amount of fluid drained. Patients also received intermittent intravenous or peroral antibiotic medication until remission of inflammation was confirmed by the relief of back pain and decreases in levels of CRP to less than 0.5 mg/dl.
Postoperative Evaluation
The criteria for the evaluation have been previously reported. 7 We used the following categories for evaluation: excellent, no limitation in ADL and no pain; good, no limitation in ADL but occasional mild pain; fair, slight limitation in ADL with persisting pain that was not as great as that before surgery; and poor, limitation in ADL and persistent marked pain.
Results
The mean period from onset of symptoms to surgery was 18 weeks (range 5-52 weeks). The mean duration of continuous irrigation was 9 days (range 7-11 days), and the mean period during which the drainage tube remained in place was 19 days (range 13-38 days). Intravenously administered antibiotic agents were continued for a mean of 30 days (range 17-49 days), and the administration of peroral antibiotic agents was continued for a mean of 59 days (range 0-180 days) until remission was confirmed by relief of back pain and decreasing CRP levels. Causative organisms were isolated in four patients: Pseudomonas aeruginosa in one patient, MRSA in two, and Bacteroides fragilis in one. Although the source of the infection could not be confirmed in any patient, we speculated that the source was a laceration of the hand in one patient and the respiratory tract in another. No complications, neurological or otherwise, resulted from the procedure.
The back pain that was present in all cases was relieved by the surgical intervention in four patients after a mean of 8 days (range 3-11 days). Back pain persisted in a 72-year-old man (Case 2) with pyogenic spondylitis of the L3-4 intervertebral disc space. He had undergone open surgery three times at another hospital during the previous 12 months. The patient's general condition was considered to be severe and thus to represent a poor risk for major surgery. Radiography demonstrated marked bone destruction ( Fig. 2 upper left) and MR imaging revealed abscesses in the disc space and psoas muscle (Fig. 2 upper  right and lower left) . The abscesses were resolved by Day 17 after percutaneous drainage and continuous irrigation ( Fig. 2 lower right) . Because he continued to complain of back pain due to spinal instability, we conducted spinal fixation by placing an anterior autologous bone graft 30 days after discontinuing the percutaneous drainage and continuous irrigation protocol. At this time, the patient's general condition had been improved by the percutaneous drainage, and we considered him a suitable candidate for major surgery. The fixation procedure yielded a good result. Radicular pain was present in four patients, and it was also relieved in all patients by the time the drainage tubes were removed.
The mean preoperative CRP level was 11.7 mg/dl (range 1.8-35.7 mg/dl), whereas at a mean of 12 weeks (range 2-23 weeks) it had decreased to less than 0.5 mg/dl in four patients. The CRP levels remained slightly elevated in one patient because of chronic respiratory infection. Using ultrasonographic guidance, an additional drainage tube was inserted into psoas muscle abscesses intraoperatively in two of the three patients in whom MR imaging had documented these lesions (Cases 1 and 2) , and all psoas and epidural abscesses were resolved by the time the drainage tubes were removed from the disc space.
At the final follow-up examination, radiographic studies revealed bone fusion in the patient who had undergone anterior autologous bone graft-assisted fixation, better definition of the vertebral endplates in one patient, and bridging callus and sclerosis in three patients. Progressive destructive changes and increased kyphosis were absent in all cases. Neurological deficit did not develop in any case. At final follow-up examination, the clinical outcomes were excellent in two patients and good in the remaining three (Fig. 3) .
Discussion
In all patients in this series conservative treatment failed to resolve symptoms and an extensive abscess or marked bone destruction was observed. Patients in such a condition have traditionally been treated using open surgery.
In 1989, Emery and associates 1 reported outcomes after surgical debridement and the placement of anterior autologous bone grafts in 21 patients with pyogenic vertebral osteomyelitis. They described the indications for surgery as the following: neurological deficit in six patients, failure of medical treatment in three, destruction of approximately 50% of a VB in two, and the need to obtain specific culture data in 10. In 1991, Wisneski 8 described the indications of open surgery as the following: 1) increased osseous involvement; 2) increased paraspinal abscess formation; 3) neurological deficit; 4) failure to respond to conservative therapy; 5) failure of needle biopsy sampling to obtain necessary culture material; and 6) deformity with or without incapacitating spinal pain. Wisneski also considered laminectomy to be contraindicated, except in the setting of epidural abscess formation, because adequate debridement could not be achieved via the posterior approach. In 1990, Lifeso 6 reported the outcomes obtained in 20 patients who underwent spinal decompression to treat pyogenic spinal sepsis; in 11 of these patients that procedure was combined with anterior autologous bone graft-augmented fusion. He contended that pain relief, spinal stabilization, and neural decompres- 14 French drainage tube is inserted through the dilator into the disc space. Using the same method, another drainage tube is inserted into the same disc space from the contralateral side. Right: Axial computerized tomography scan obtained after the procedure, showing the No. 14 French tubes for inflow and outflow (suction drainage). sion were best achieved using anterior decompression and fusion. Patients with pyogenic spondylitis who need to undergo open surgery, however, are often in poor general condition, and invasive surgeries pose problems.
In 1991, Yu, et al., 9 reported the first two cases of spinal osteomyelitis managed with percutaneous suction aspiration; they used a nucleotome that was originally designed for percutaneous disc excision and reported good results. In 1994, Gebhard and Brugman 2 reported the case of a patient with pyogenic discitis who was successfully treated using the same method. In 1998, Nagata, et al., 7 reported the use of continuous drainage and intermittent local administra- tion of antibiotic agents, in addition to percutaneous suction aspiration, in 23 patients with pyogenic spondylitis. Outcomes were excellent in 13 patients, good in eight, fair in one, and poor in one. Bone grafts were not placed after debridement in this procedure, and spontaneous fusion was obtained in only nine patients, but instability or marked kyphotic changes were not observed in the affected spines. Nagata, et al., indicated that the main advantages of the technique were its reduced invasiveness compared with the open surgery, and the almost immediate symptomatic relief it provided. Indications for the technique were considered to include the following: 1) no improvement in the condition of the patient despite use of antibiotic agents and immobilization for at least 1 month; 2) the presence of only a single affected intervertebral disc; 3) the location of the involved vertebra in the lower thoracic or lumbar spine; 4) the absence of any major neurological deficit; and 5) the absence of radiographically documented marked destructive changes in the affected VB. The procedure failed to improve symptoms in one patient in whom marked destructive changes were apparent on radiography, and open surgery involving the implantation of an anterior bone graft was subsequently performed. The procedure was considered effective for early-stage pyogenic spondylitis.
In the present series, conservative treatment had failed in all patients. Open surgery was considered too risky because the patients were in poor general health. Thus percutaneous surgery was performed despite the presence of radiographically documented significant destructive changes in four patients and MR imaging evidence of abscesses in four pa- tients. Remission of inflammation was evident in all patients, and all psoas muscle and epidural abscesses were resolved. No complications resulted from percutaneous surgery, but clear anteroposterior and lateral fluoroscopic images are necessary to avoid injury of the abdominal aorta and intestine. Although the percutaneous technique is associated with a potential risk of neurological complications, it can be performed after application of a local anesthetic, allowing patients to articulate the onset of radicular pain and thus helping to avoid neurological complications. Complications associated with irrigation of the space adjacent to the spinal canal did not occur in any case, and such complications were also avoided in the only report about continuous irrigation for pyogenic spondylitis. 4 The aforedescribed technique can be used as a salvage therapy in patients with severe pyogenic spondylitis that is unresponsive to conservative treatment, particularly in patients in poor general condition. Progressive osseous destruction was not observed in any case, and open surgery was performed in only one patient with persisting back pain due to vertebral instability. Open surgery is not always necessary in cases unresponsive to conservative treatment; its need can be determined after conducting the aforementioned procedure. The indications for open surgery can thus be reduced.
Conclusions
Percutaneous drainage and continuous irrigation were effective even in cases involving severe pyogenic spondylitis, abscess formation, and marked bone destruction that were unresponsive to conservative treatment. Our findings suggested that this technique can be considered a salvage treatment in patients with severe pyogenic spondylitis in whom conservative treatment has failed, particularly in patients in poor general health.
